O riginally described as a mean to evaluate scientific journals, 1 citation analysis has become an established tool to measure the impact of scientific articles in bibliometric studies-a subset of systematic reviews. It is based on the idea that publications with a high value to the field of study get cited more often than others. Owing to the vast growth of the scientific literature, an overview of the most relevant past publications has become more important than ever. In more recent years, bibliometric studies have therefore gained momentum and were subsequently published for fields as broad as surgery in general, 2 medical specialties, 3, 4 anatomic regions, 5 surgical procedures, 6 geographic origin of studies, 7, 8 and individual disease entities. 9 In the field of the human spine, two bibliometric studies have been published. 10, 11 Even though the cervical portion of the spine exhibits some unique anatomic and clinical features, so far there has not been a systematic analysis of the scientific literature about cervical spine research. This study aims to close this gap and give the reader an overview over the most cited cervical spine articles of the last hundred years.
MATERIALS AND METHODS

Objective
To identify and analyze the 100 most cited cervical spine research papers published between 1900 and 2014 in any journal (medical and nonmedical).
Inclusion Criteria
In order to get considered for the top 100 list, a study had to focus on the anatomic region between the skull base and the first thoracic vertebra, and include the bony, cartilaginous, and/or ligamentous structures. If other parts of the body were also under investigation in the same study to the same or a higher degree, the study was excluded. Also, a study was From the not included if it focused on an anatomic structure unrelated to the cervical spine. For example, a study about spontaneous ruptures of the cervical portion of the vertebral artery would not be included while a study about whiplash injury would.
Material
All databases and all journals of the Thomson Reuter's Web of Knowledge were used to identify eligible studies.
Data Collection
In order to yield a high comprehensiveness, a two-step approach was chosen, as depicted in the flowchart below ( Figure 1 ).
1.
A topic search with the following Boolean query was conducted within the Web of Knowledge databases, the asterisk ( Ã ) indicating every possible ending of the corresponding word: (spine OR vertebra Ã ) AND (cervic Ã OR neck). This search yielded 86,723 results, which were then sorted in descending order with respect to the number of total citations. Within the first 632 studies, 150 cervical spine papers were identified based on title and abstract. 2. A list of keywords was created with the goal to foresee research titles involving the cervical spine. The previously identified 150 studies were systematically analyzed for possible keywords. Together with additional keywords known to be relevant to the field of cervical spine research (e.g. Klippel-Feil syndrome), a search query consisting of 38 terms was built (Table 1 ) and used for a second database search by title. This time, every word was delimited by an OR term, hereby further increasing the search results. The second search yielded 5,584,189 results, which were again sorted in descending order with respect to the number of total citations. Out of the 9694 first studies, 100 cervical spine studies were included based on title and abstract.
For every study included, the following information was extracted: Title, year of publication, first author, senior author, geographic origin, total citations, and citations 2014.
Analysis
Every study was assigned to a subspecialty, type of paper, type of study, and a level of evidence. For the level of evidence classification, the guidelines by J Bone Joint Surg Am were used to assign a number 1 (highest level of evidence) to 5 (lowest level of evidence) for every clinical study. Nonclinical (i.e. basic research) studies were not assigned to a level of evidence. A consensus approach 
Transverse Process Uncinate Process Vertebr
If a study had only one author, he or she was considered to be both, first and senior author.
The programming language Python (version 3.4.3) was used for the statistical analysis. All studies were ranked for their total number of citations. In cases ties between papers, a second and third degree ordering was performed for average citations per year and the number of citations in 2014, respectively.
Self-citations were not removed or analyzed. In the majority of cases, the error margin introduced by removing self-citations would have been larger than the error margin present by including self-citations.
RESULTS
The 100 studies included ranged from 879 to 173 citations and were published in a total of 30 different journals ( Table 2 ). The top two journals (Spine and J Bone Joint Surg Am) accounted for 42 studies (Table 3 ). All studies fell within the time frame from 1952 to 2008. No studies from the first half of the 20 th century were included even though all studies published between 1900 and 2014 were eligible for inclusion. The 1990s were the most active decade with 42 papers represented ( Figure 2 ). There appears to be an inverse correlation between the average citations per year since publication and article age ( Figure 3 ). A total of 14 different countries were identified as country of origin, with the USA in first position (n ¼ 48). Nine studies were published from the UK, seven from Canada, followed by Australia and the Netherland (n ¼ 6), Japan and Norway (n ¼ 5), Switzerland (n ¼ 4), Germany (n ¼ 3), Finland and India (n ¼ 2) as well as China, Israel, and New Zealand with one publication each. Even though no language restrictions were imposed during the search process, all 100 studies were published in English. A total of 88 of the included studies were clinical, whereas the remaining 12 were basic research. The evidence level ranged from 1 to 5 with 4 being the most common (n ¼ 43) (Figure 4 ). Average level of evidence per decade changed over time with a trend towards better evidence levels ( Figure 2 ).
There were 13 authors with two first authorships. No authors were first author more than twice. Nine authors were identified as senior authors more than once, ranging from two to five articles each (Table 4) .
Most articles were assigned to the subspecialty ''degenerative'', (n ¼ 41), followed by ''trauma'' (n ¼ 28), ''general cspine''(n ¼ 10), ''rheumatology'' (n ¼ 3), and ''oncology'' (n ¼ 1). A total of 17 studies addressed more than one subspecialty (''Various'') out of which most (n ¼ 15) were assigned to the ''surgical technique'' type of paper. The latter was also the most common type of paper with 30 studies overall being assigned to ''surgical technique'', followed by ''clinical outcomes'' with 11 papers (Table 5) . Similarly, the majority of publications were either considered to be ''therapeutic'' (n ¼ 44) or ''prognostic'' (n ¼ 29) ( Figure 5) .
Out of the 100 publications, 73 were identified through the first four keywords search, 27 through the second 38 keywords query. During the first search, the 150 studies included fell within the 632 top ranked studies of the entire search result, leading to a hit-rate of 0.24. The second search with 38 keywords yielded a hit-rate of 0.01 (100 studies selected out of the 9694 most cited studies in the search results).
The 2012 published citation analysis of the top 100 spine studies by Murray et al listed 14 cervical spine papers. 10 They all also appear in this study.
DISCUSSION
Out of the top three publications, two were published in 1958 and both described the anterior removal of cervical intervertebral discs-the 1 st ranking one was published by Cloward and the 3 rd placed by Smith and Robinson. Despite their age, both studies are still ''highly active'' with 31 and 46 citations in 2014, respectively (average citations in 2014 for all studies listed: 15). This demonstrates the long lasting impact the described surgical technique has had on the field of cervical spine surgery.
Second placed is the publication by Vernon and Mior from 1991 describing the Neck Disability Index, which modifies the Oswestry Low Back Pain Index for its use for the cervical spine. Interestingly, in a recently published bibliographic study of the lumbar spine, a review of the Oswestry Low Back Pain Index published in 2000 is the third most cited lumbar spine paper. 11, 13 This highlights the importance pain and disability classifications play in clinical practice, both for the lumbar and the cervical spine. The Neck Disability Index paper happened to be the most cited study in 2014, too. It was cited 88 times in 2014, more often than the first and third placed papers combined (77 citations). It is therefore possible, that in upcoming years, this paper might become the new number one in cervical spine research in terms of citations.
The most recent publication appearing on the top 100 list is the 2008 paper by Hogg-Johnson et al reviewing the published evidence on the burden of neck pain in the general population. It has an above average citation count in 2014 of 32 citations, indicating a possible further rise in rank in the near future. Furthermore, it has the highest average citation rate between the date of publication and 2013 with 88 citations per year (average: 12.4). This finding illustrates the inverse correlation between average citations per year since publication and article age ( Figure 3 ). In other words: The more recent a publication is, the more often it has gotten cited per year since publication. This is, however, not surprising, since for a more recent study to accumulate enough citations to ''keep up'' with older publications, it must have had more citations per year since publication. And since this study only lists the most cited papers it was to be expected to see such a phenomenon for younger publications. The oldest paper was published in 1952 by Brain et al and described the neurological manifestations of cervical spondylosis. In 2014, it was cited only five times, thus possibly reflecting a phenomenon known as ''obliteration by incorporation'': The tendency of classic papers getting cited
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The most cited paper accumulated 879 citations up until the end of 2014 while the 100 th placed paper (a 1991 study by Zdeblick and Ducker describing the use of freeze-dried allograft bone for anterior cervical fusions) was cited a total of 173 times (average for all studies: 265 citations). While the top 10 studies spanned a range of 493 citations (386-879 total citations), the last 10 studies spanned a range of only seven citations (173-180 total citations), thus indicating, that at the bottom there is the most ''movement'': Here a single citation can decide over an appearance on the top 100 list. It is therefore likely that this study conducted again a few years later will look different, especially the bottom half.
Since during the search process no restriction was placed on the journal selection, a total of 30 different journals were identified. A total of 17 journals published, however, only one paper, while the top three journals (Spine, J Bone Joint Surg Am, and J Neurosurg) published half (n ¼ 50) of all studies. A similar pattern for spine research was noted before, 10, 11 indicating the degree of specialization and established leaderships among scientific journals. The top four countries of origin are all English speaking and accounted for a total of 70 studies, with the USA in first position (n ¼ 48).
As seen in bibliographic studies in different fields, 5 evidence level 4 was the most common in this study as well with 43 papers. Only eight studies were deemed to be of level 1 by the research team. Many papers on the top 100 list provide something novel, most commonly a surgical technique and most often with relatively few patients and without a comparison group. It seems likely, that many studies conducted on the same surgical technique at a later point in time cite the classic study introducing the technique into the medical literature, thus elevating its citation count. After some time, the before mentioned phenomenon of ''obliteration by incorporation'' might, however, gradually offset this effect. While it is tempting to conclude that the level of Figure 2 ). While for studies from the 1950s level of evidence averaged to 4.1, in the last decade (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) it went down to 2.4. A possible explanation might be that in earlier times a lot of studies introduced ''a first'', while more recently more research has been conducted on the evaluation about previously made assumptions, requiring a much stronger statistical power and therefore a lower level of evidence. The decrease in level of evidence seen over time in this study is, however, not unique and might as well be due to a general tendency in the medical literature towards a better level of evidence.
15
Because no restriction was placed on the field of study, basic research papers (n ¼ 12) appeared alongside with clinical studies (n ¼ 88). While approximately half (n ¼ 5) of the basic research was conducted on the anatomy of the cervical spine, two studies also came from the field of genetics demonstrating the effect the expression of two genes (Hox-1.1 and Hoxb-4) have on the development of cervical vertebrae in mice. Both studies (ranked 22 nd and 31 st ) were published in the 90s and both have, despite their relatively young age, below average citations in 2014 (one time and three times, respectively). It has been noted before that basic research tends to get cited faster but not more often than clinical research. 5 ''Degenerative'' is the most common type with 41 studies, followed by Trauma (n ¼ 28). A total of 11 papers within the latter category dealt with some aspect of whiplash injury, possibly reflecting the medical and political controversies this disease entity has been attracting. Only few studies fell into the categories ''Rheumatology'' (n ¼ 3) and ''Oncology'' (n ¼ 1). The 2012 bibliometric study on the entire spine also listed a table with the number of articles by subspecialty. The distribution of studies was very similar, showing that the research focus for the cervical spine is in general not much different from the entire spine. 10 Even though citation analysis has its limitations, 16, 17 it is the current de facto gold standard for measuring the impact of scientific literature.
It is important to note that citation analysis can reflect the situation of only one point in time. Every day new publications appear citing previous papers. Thus, a citation analysis is as dynamic as the analyzed research field as a whole. Important progress is made constantly and a bibliographic study will most likely look different already months later.
The chosen two-step approach to identify eligibly publications demonstrates the impact a widening of search terms can have: A total of 27 additional studies were identified, including the first ranking one. This improvement in comprehensiveness came, however, at the cost of a drastically decreased hit rate (studies meeting all inclusion criteria per studies manually sorted) from 0.24 with the initial four keywords down to 0.01 with 38 keywords. Even though this approach therefore consumes more of the research team's resources, because of the much higher likelihood to identify all publications relevant to the investigation, we believe it to be a valid approach and recommend it to be considered for future bibliometric studies. Often, the lack of higher-level keywords in published research prevents it from getting identified by the obvious search terms. For example, one study in our list had no keywords pointing to the spine. The sole indicator for it being a cervical spine study was the term ''atlantoaxial'' in the title. This demonstrates the importance of the attempt to foresee as many relevant titles as possible. As our experience goes, even in a rather narrow field such as the cervical spine it can, however, prove difficult to identify all the required terms. A preliminary search to identify keywords can help in such a situation. Unfortunately, no matter what the approach chosen, it is impossible to know whether every eligible study really has been identified without manually sorting every paper ever published. With the two-step approach chosen, we however believe it to be at least highly likely that the ''true'' list of the 100 most cited cervical spine publications would not look much different than the list published here.
Key Points
The most cited article identified with a total of 879 citations was the publication in J Neurosurg from 1958 by the single author Cloward describing the anterior approach for the removal of ruptured cervical discs. Second placed with a total citation count of 877 was the publication from 1991 by Vernon and Mior creating the Neck Disability Index by modification of the established Oswestry Low Back Pain Index. The third most cited paper was the 1958 published study by Smith and Robinson, also describing the anterior approach for the removal of intervertebral discs and interbody fusion. Most papers either fell into the subspecialty of degeneration (n ¼ 41) or trauma (n ¼ 28) and were most commonly published in the 1990s (n ¼ 42). Most studies were published in Spine (n ¼ 25) and originated in the USA (n ¼ 48).
